Up to 12 years ago the absorption of disaccharides was a problem in physiology which attracted little attention and which appeared to be unrelated to the problems of clinical medicine. Indeed, most textbooks stated incorrectly that the disaccharides were hydrolysed to monosaccharides in the lumen of the small intestine despite the evidence of half a century before, which had suggested that they were digested by the mucosal surface (Reid, 1901) . The renewal of interest in the subject of disaccharide absorption occurred after the description of congenital lactase deficiency by Holzel, Schwarz, and Sutcliffe (1959) and of sucrase-isomaltase deficiency by Weijers, van de Kamer, Mossel, and Dicke (1960) . Since then, there have been many hundreds of papers on intestinal disaccharidase deficiencies. The present paper describes the diagnosis, the incidence, and the causation of the disaccharidase deficiencies in man.
The Enzymes
The specific enzymes which hydrolyse dietary disaccharides have been localized to the enterocytic brush border. Attempts made to isolate these enzymes have yielded a variable number of fractions depending on the techniques used (Dahlquist, Auricchio, Semenza, and Prader, 1963; Semenza, Auricchio, and Rubino, 1965; Dahlquist and Telenius, 1969) .
For clinical and pathological purposes, however, the terms maltase, isomaltase, sucrase, and lactase are used to describe the hydrolytic activities of the brush border of the enterocyte (Table I ). All capable of hydrolysing maltose, which may explain why maltase deficiency is not found as an isolated defect of the enterocyte. Isomaltase and sucrase appear to be distinct but linked entities, and hence they are absent together in the hereditary condition of sucrase-isomaltase deficiency (Dahlquist and Telenius, 1969) . Lactase activity consists of at least two separate enzymes, one of which is not in the brush border but within the cell (Zoppi, Hadom, Gitzelmann, Kistler, and Prader, 1966) . The significance of intracellular lactase activity is uncertain. It cannot play any part in the normal digestion of lactose which is a function of the brush border of the enterocyte. It may, however, explain why some lactase activity can usually be demonstrated in the mucosa of patients who fail to absorb lactose (McMichael, Webb, and Dawson, 1967) .
Hydrolysis of Disaccharides
The hydrolysis of disaccharides is rapid and does not appear to be the rate-limiting step in the absorption of sugars except possibly for lactose (Gray and Santiago, 1966) . Thus the measured concentration of enzyme activity in the brush border of the enterocyte bears little relationship to the rate of sugar absorption in normal subjects who are able to absorb lactose.
Disaccharidase Deficiencies
It is now well recognized that disaccharidase deficiency may produce symptoms in children and adults. The only common primary deficiency state is that ofisolated lactase deficiency but its importance as a cause of symptoms rernains controversial (Klotz and Lubos, 1967; Neale, 1968) . The various types of disaccharidase deficiency may be characterized as seen in Table II .
Diagnosis of Disaccharidase Deficiency ORAL TOLERANCE TEST
The rise in true blood glucose after the ingestion of lactose was used by Holzel et al(1959) to demonstrate lactose malabsorption and this method has been adapted for investigating the absorption of other disaccharides. After an oral dose of 50 g disaccharide, the blood glucose in normal subjects usually rises at least 20 mg per 100 ml above fasting levels. In patients with disaccharidase deficiency the increment of blood glucose is usually less than 20 mg/100 ml. This method of diagnosis is remarkably accurate despite the unknown variables such as the speed of the gastric emptying, rate of monosaccharide absorption, and the clearance of glucose from the blood. In a careful study of the value of 'tolerance' 23 tests, McGill and Newcomer (1967) showed that they correctly predict absorption or malabsorption in 80% of cases. False positive results are most likely to occur using venous blood and false negative results occur with capillary blood. A blood sample should be taken 15 minutes after the ingestion of the disaccharide as well as at half-hourly intervals for two hours to detect the early rise in blood glucose which occurs in patients who empty their stomachs rapidly. Small infants should be given 2 g/kg body weight but in adults there is no value in varying the dose of disaccharide according to the body weight. It is worthwhile assessing patients' symptoms during a 'tolerance' test. Most patients who cannot absorb the ingested disaccharide will complain of abdominal discomfort, flatulence, or occasionally diarrhoea.
RADIOLOGICAL TEST
Disaccharide malabsorption may be demonstrated on a radiograph of the abdomen taken one hour after the ingestion of a mixture of about 120 ml Fig. 1 Normal radiographic appearance of the intestine in a patient with hypolactasia given 120 ml Micropaque containing 25 g dextrose (film taken at 90 min). Micropaque and 25 g disaccharide. If the disaccharide is freely absorbed, the radiological appearances will not differ from those found when the patient is given Micropaque alone; if the disaccharide is unabsorbed, the contrast medium will be diluted by the influx of fluid into the small intestine. In addition, the small bowel may appear dilated and barium will appear in the colon in less than 60 minutes ( Figs. 1 and 2 ). This test is as accurate as a 'tolerance' test (Laws, Spencer, and Neale, 1967) .
MEASUREMENT OF DISACCHARIDASE ACTIVITY OF THE ENTEROCYTE
Direct measurements of the disaccharidase activities of homogenized intestinal mucosa may be made on fragments of intestinal mucosa weighing as little as 10 mg (Dahlquist et al, 1963 Newcomer and McGill (1966) have shown a marked increase in enzyme activity towards the middle of the small intestine and a fall-off towards the ileum. The ratios between disaccharidase activities may be of more value than absolute concentrations (Prader and Auriccio, 1965) , and enzyme results should always be interpreted in conjunction with tests of absorption.
OTHER TESTS
Collection of expired metabolites of ingested disaccharides Salmon, Read, and McCarthy (1969) have collected expired air after the administration of 14C-labelled disaccharide and measured the excretion of "4C02.
This correlates well with other methods of demonstrating disaccharidase deficiency. Calloway, Murphy, and Bauer (1969) obtained similar results when they measured hydrogen excretion in expired air after the ingestion of sugar.
Stool tests
Infants with disaccharide malabsorption often pass watery stools having a pH of less than 5 5 and containing both disaccharide (Kerry and Anderson, 1964) and lactic acid (Weijers et al, 1960) . In older children and adults, however, stool examination gives very variable results and is not useful as a diagnostic procedure.
Urine tests The finding of lactosuria after an oral dose of lactose is not uncommon in children with lactose malabsorption but may also occur in normal subjects who empty their stomachs very rapidly and in patients with a damaged intestinal mucosa.
The Incidence and Causation of Disaccharidase Deficiency CONGENITAL Simple congenital disaccharidase deficiencies of lactase or of sucrase-isomaltase are rare conditions which have been discussed by Anderson (1971) .
ACQUIRED
Lactase deficiency Lactase deficiency as a characteristic acquired sometime after weaning is extremely common but there are striking differences in the incidence of this condition among various ethnic groups (Table III) . Simoons (1969 and has made an interesting attempt to explain these findings. He points out that it is likely that milk was first used by man in the near and middle East and in north Africa about 5,000 to 6,000 years ago. By classical times, the habit of drinking milk was also common in Europe and had extended into north-west India. On the other hand, the indigenous populations of the rest of the world did not ingest milk. It is possible to correlate these cultural differences with the presentday incidence of adult milk intolerance (Fig. 3) . Thus there is a high incidence of intolerance in the traditional non-milk drinking areas in east and southeast Asia and amongst the indigenous peoples of the Americas, Australasia, the Pacific islands, and possibly India. In tropical Africa the non-Bantu pastoralists (whose forefathers almost certainly came from north Africa or the regions of the Nile) are usually able to absorb lactose whilst the Bantu agriculturalists are usually unable to do so (Cook and Kajubi, 1966) . In the traditional milk-drinking areas of Europe the incidence of lactose intolerance is less than 20% in most populations studied so far. Somewhat paradoxically, McMichael, Webb, and Dawson (1966) found that many Greeks were unable to absorb lactose, and to explain this finding, Simoons (1970) (Ferguson and Maxwell, 1967) . The main alternative theory is that the defect reflects a low level of milk consumption resulting in a gradual adaptive decline in enzyme activity . Evidence cited in favour of the genetic theory includes: (1) a lack of correlation between milk ingestion and lactose intolerance (Dunphy, Littman, Hammond, Forstner, and Maxwell, 1965; Flatz, Saenguidom, and Sanguanbhokhai, 1969) ; (2) normal lactase activity in nine patients with galactosaemia denied lactose from birth (Kogut, Donnell, and Shaw, 1967) ; and (3) no consistent change in lactase activity in lactose-tolerant subjects denied lactose (Knudsen, Welsh, Kronenberg, Vanderveen, and Heidlebaugh, 1968; Rosensweig and Herman, 1969) or in lactoseintolerant subjects fed lactose (Cuatrecasas, Lockwood, and Caldwell, 1965; Rosensweig and Herman, 1969 ).
On the other hand, Bolin Davis, Seah, Chua, Yong, Kho, Siak, and Jacob (1970) have shown that Chinese children under 10 years old living in Singapore who are milk drinkers have a lower incidence of lactase deficiency than a similar group of non-milk drinking children with the same ethnic background. Further studies on the effect of prolonged lactose feeding may help to decide if primary lactase deficiency is an adaptive condition in man.
Studies in animals have also led to confusing results but it seems that the normal fall in lactase activity after weaning can be delayed by giving lactose and that it is sometimes possible to raise lactase activity by feeding large quantities of lactose (Bolin, Pirola, and Davis, 1969) . Broitman, Thalenfeld, and Zamcheck (1968) , however, could not demonstrate improved lactose absorption in adult animals in which lactose feeding had induced higher concentrations of lactase. Moreover, the relevance of such studies to the human situation is questionable because very high concentrations of lactose have been used in the experimental diets given to animals.
Isolated sucrase-isomaltase deficiency
This is almost certainly never an acquired defect although subjects with this condition occasionally do not present until adult life (Neale, Clark, and Levin, 1965; Pink, 1967) . In contrast with lactase it is possible to increase the activities of both intestinal sucrase and maltase within two to five days in normal subjects by feeding either sucrose or fructose (Rosensweig and Herman, 1968) . Glucose, galactose, and lactose have no effect. It is suggested that fructose acts as an inducer by binding to the sucraseactive hydrolytic site. The effect on maltase remains unexplained unless there is a joint sucrase-maltase enzyme system.
DISACCHARIDASE DEFICIENCIES SECONDARY TO OTHER DISEASES
In diseases such as gluten-sensitive enteropathy, in which there is damage to the intestinal mucosa, the cellular mechanisms for membrane digestion and for sugar absorption are often severely impaired. Malabsorption of all sugars may also occur as a transient phenomenon after an attack of gastroenteritis (Burke and Anderson, 1966) . Although not all workers agree (Welsh, 1970) , there is some evidence that the ability to hydrolyse lactose is particularly severely affected in patients with diffuse intestinal mucosal damage and is the last of the disaccharidases to recover (Plotkin and Isselbacher, 1964; Neale, 1968) . In such patients, a reduction of dietary lactose may lead to an apparent improvement in symptoms.
It has also been suggested that a depression of lactase activity may be an acquired feature of many disorders, including Crohn's disease, ulcerative colitis, rosacea, and other skin conditions, and after gastrointestinal surgery. Lactose malabsorption, however, does not seem to be very common amongst patients with these conditions and when it is found, it probably represents a chance association Neale, 1968 (McMichael et al, 1967) . The unabsorbed lactose produces a net movement of fluid and electrolytes into the lumen of the small intestine in order to render its contents iso-osmotic with extracellular fluid. These changes may be visualized radiographically (Fig. 2) and lead to an accelerated transit of small-intestinal contents to the colon (Launiala, 1968 Cuatrecasas, and Whedon, 1967) . This suggestion was not supported by a study at Hammersmith Hospital in which the incidence ofhypolactasia in patients with osteoporosis was not significantly greater than that found in control subjects (Neale, 1968) . Steatorrhoea enhanced by intestinal hurry secondary to malabsorption oflactose has been described, especially in patients who have had gastric surgery (Bank, Barbezat, and Marks, 1966) or an intestinal resection (Kern, Struthers, and Attwood, 1963) . In patients with an otherwise normal gastrointestinal tract, the absorption of nutrients seems to be little impaired. Nevertheless, the absorption of drugs may be delayed as shown for isoniazid or reduced as in the case of sulphafurazole (Jussila, Mattila, and Takki, 1970) .
SUCRASE-ISOMALTASE DEFICIENCY
This is a rare condition and most of the patients are described as suffering from acid diarrhoea which is relieved by taking a diet free of sucrose. Not all patients show evidence of malabsorption of starch (Burgess, Levin, Mahalanabis, and Tonge, 1964) but if this is a problem, the starch of rice may be better tolerated than that of potatoes or of wheat because it contains more amylose and less amylopectin and therefore fewer a 1-6 links (Lindquist and Meeuwisse, 1966) .
Conclusion
The disaccharidase deficiencies have provided a fertile area for many lines of research during the last decade. As a result of these studies, the clinical pathologist has little difficulty in assessing disaccharide absorption in healthy subjects and the clinician has been provided with a rational explanation for the symptoms of some patients with gastrointestinal complaints. Further work is necessary to elucidate how the enterocytic enzymes work, how they are produced, and how they are affected by variations in diet and by disease processes.
